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© In order to obtain a weld bead having a good 
outer appearance with little splash of sputters or the 
like and a sufficient shearing force, there is provided 
a flash lap control (14) for controlling flash lamps 
(13) so as to generate two rectangular waves in a 
pulse wave form at every cycle of a pulse laser 
beam generated by a pulse YAG laser (12) during 
the irradiation of the pulse laser beam on coated 
metal materials. The flash lamp control section is 
adapted to control a relationship between a peak 
power and a pulse width of a first rectangular wave 
and a peak power and a pulse width of a second 
rectangular wave in predetermined ranges. Under 
the control of the flash lamp control section, the 
pulse laser beam generated by the pulse YAG laser 
is irradiated to the coated metal materials to thereby 
carry out the irradiating operation. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a pulse laser 
irradiation apparatus for a coated metal sheet 
whose top and tall surfaces are subjected to such 
as a Zn-plating treatment for a rust-proof effect. A 
typical plated steel sheet is defined by G3302 of 
Japanese Industrial Standards (JIS). A thickness of 
the steel sheet is in the range from 1 .6 mm to 6.0 
mm in the case where a heat-rolled plate, and is in 
the range from 0.11 mm to 3.2 mm in the case 
where a cold rolled plate. Such a kind of Zn-plated 
steel sheet is widely used in various industrial 
fields such as an automotive field, a general elec- 
tric field, a light industrial field, a heavy industrial 
fields and the like. 

The techniques for welding Zn-plated steel 
plates together will now be described in more 
detail. In a welded example as shown in Fig. 13(a), 
two steel plates 2-1 and 2-2each having Zn-plat- 
ings 3 on both sides are overlapped with each 
other. In another example as shown in Fig. 13(b), a 
single steel plate 2a having Zn-platings is bent 
back to form a double folded structure. 

In an example of a three-layer welding as 
shown in Fig. 14(a), three steel plates 2-1, 2-2 and 
2-3 each having Zn-platings 3 on both sides are 
laminated. In Fig. 14(b), a single steel plate 2b 
paving Zn-plating on both sides is folded and an- 
other steel plate 2-1 having Zn-platings on both 
sides is inserted into a recess defined by the 
folded steel plate 2b. 

In the same way, a plural layer welding may be 
carried out for four or more layers as shown in 
Figs. 15(a) and (b). 

A purpose of a semi-penetration welding in an 
overlap irradiating is to keep an outer appearance 
quality of the surface steel plates while insuring the 
bond strength at a suitable level. In other words, as 
shown in Fig. 14(b), it is unnecessary to carry out 
any surface finishing treatment after the welding, 
and it is possible to keep the outer surface quality 
in the came condition as the original steel plate 
surface. 

Also, in the case as shown in Fig. 14(a), it is 
possible to keep the surface quality of the original 
steel plate surface only with a minimum surface 
finishing treatment. If, for instance, a grinding work 
or the like is effected on the Zn-plated steel plates 
as a surface treatment, a Zn-plate layer on the 
surface is ground away so that the rust-proof effect 
of the Zn-plating treatment is remarkably degraded. 

In general, known methods for laser-welding of 
Zn-plated steel plates are categorized into, for ex- 
ample, a method using a continuous wave form 
generation type laser(which method will be 
hereinafter referred to as a CW method)and a 
method using a pulse generation type laser (which 



method will be hereinafter simply referred to as a 
pulse laser method). These methods will be ex- 
plained. 

(1) AD example of the method using a CW type 
5 laser is an overlap welding with, for example, a 

CW type C0 2 laser. In the CW type laser, key 
holes and a laser induction plasma are continu- 
ously maintained during the irradiating opera- 
tion. As a result, although Zn-metallic vapor (a 

w part of which is kept under a plasma state) 
which is generated by the laser beam irradiation 
would be removed effectively away from the 
keyholes, the laser output is excessively applied 
to the surface to be worked in comparison with 

75 the pulse laser method. 

For this reason, a fugion-solidification part is 
increased, resulting in full penetration. 

Also, even if the partial semi-penetration 
would be obtained by carefully selecting the 

20 irradiation conditions,it would be impossible to 
obtain good surface appearance of the steel 
plate due to the fact that there is anon-uniform- 
ity in gaps between the Zn-plated steel plates 
which are work pieces to be welded (which gaps 

25 will be hereinafter referred to as the "gap be- 
tween the workpieces") and further there is a 
non-uniformity in a plating amount for the Zn- 
plated steel plates (for instance, in case of F08, 
the Zn-plating amount is in the range of 60 to 

30 100g/m 2 or due to the fact that an excessive 
heat causes distortion or warpage. 

(2) On the other hand, as the method using the 
pulse laser, an overlap welding technique with a 
solid laser such as an Nd:YAG laser has been 

35 proposed. As the Nd:YAG laser, an overlap con- 
tinuous welding and an overlap spot welding arc 
well known. 

The output of the pulse laser is given by the 
following relationship: The average output P(kW) 

40 is given: 

p= E • f 

The energy E(J) of one pulse is given: 

45 

E = P 1 • t 

where P(kW) is the average output E(J) is 
the energy of one pulse, P'(kW) is the peak 
50 power of one pulse, i.e., the average peak power 
per one pulse width, t(msec) is the pulse width 
of one pulse, and f(llz) is the pulse frequency. 
In general, the irradiating volume and penetra- 
tion depth relative to a predetermined welding 
55 speed in the pulse laser irradiating will mainly 
depend upon the pulse energy. The energy- 
determined by the average ouput and the fre- 
quency) of one pulse to be needed to obtain a 
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desired penetration depth is shown in, for example, 
Fig. 16 in which, for example, the pulse time, the 
frequency and the average ouput are selected at 
optimum levels for the working conditions even in 
the same curve for the pulse irradiating. If the 
average ouput is kept constant, the penetration 
depth is increased in accordance with the pulse 
laser method in comparison with the CW laser 
method. 

A pulse wave form for the pulse engery will be 
explained. 

In a rectangular wave form as shown in Fig. 17, 
the peak power P(kW) is kept substantially un- 
changed within a pulse width t. In an integrated 
wave form as shown in Fig. 18,the peak power P is 
changed within the pulse width t(msec). Fig. 19 
shows an example the wave form overlapped with 
the CW laser type. In these examples, the desired 
penetration depth is determined basically by the 
pulse energy of the above-described rectangular 
wave. 

Also, in case of metals whose surface materials 
are likely to be blown by the pulse laser irradiation, 
it is possible to obtain a good welding bead by 
selecting the pulse energy density (i.e., peak power 
density). 

The pulse energy and the pulse energy density 
(i.e., peak power density) needed to obtain a de- 
sired penetration depth relative to a plate thickness 
of the Zn-plated, steel plate and a predetermined 
welding speed may readily be obtained in a well 
known method.. 

Also, in the laser irradiating process, if fumes 
or sputters would be stuck to lenses of an optical 
system, the latter would be damaged. In order to 
avoid this, various fume or sputter preventing meth- 
ods have been proposed. Methods for protecting 
the optical system from the sputters and fumes are 
categorized into a method using a protective glass 
plate in front of the work lens, a method for splash- 
ing the sputters with compressed air from nozzles, 
and a hybrid method thereof. 

However, the above-proposed methods still 
suffer from the following problems. Namely, in a 
general Nd:YAG laser pulse laser, the laser irradia- 
tion by the pulse oscillation or generation would 
cause key holes and laser induced plasma to occur 
intermittently. For this reason, the plated metal 
vapor (whose part is kept under a plasmatic state 
or crushed organic vapor in case of organic ma- 
terial coating generated by the laser irradiation has 
to be effectively removed for every one pulse. 

However, only with a single kind of rectangular 
pulse, it is impossible to remove the plated metal 
vapor or crushed organic vapor. As a result, there 
would he welding faults by the entrainment of the 
vapor into the molten material (which faults will be 
referred to as blow holes). Otherwise, the molten 



metal is splashed by the vapor pressure resulting 
in bond faults. In any case, the welding strength 
would be considerably degraded in addition to the 
faulty welding outer appearance such as blow 

5 holes and sputter splash. 

In many cases, the sputter splash causes the 
optical systems to be damaged to increase a load 
imposed on the maintenance. Furthermore, in the 
case where there are gaps between the steel 

w plates, in addition to the foregoing phenomena, the 
plated metallic vapor would escape through the 
gaps to the outside so that the welded metal is 
splashed or dispersed between the steel plates, 
resulting in welding faults However, in some cases, 

15 if a gap between the workpieces is suppressed in a 
predetermined range, since the plated metal vapor 
will effectively escape from the gap, good weld 
beads may be obtained. 

Nevertheless, in a field of an industrial applica- 

20 tion.it is very difficult to maintain the gap between 
the workpieces in the predetermined range. Also, 
turning to the protection of the optical systems, in 
accordance with the conventional methods, since 
the sputters are splashed with large momentums, it 

25 is impossible to completely remove the sputters 
with the compression air, resulting in adhesion of 
sputters on the protective glass or damages of the 
optical systems. 

It is also impossible to completely remove 

30 fumes (metal particles). The fumes would stick on 
optical components such as a protective glass or a 
parabolic mirror. This would increase cost for the 
optical components such as a protective glass. In 
addition, the replacement of the optical compo- 

35 nents is time-consuming. 

Accordingly, a primary object of the present 
invention is to provide a pulse laser irradiation 
method for irradiating a pulse laser beam onto 
plated steel plates, and more particularly a pulse 

40 laser irradiation apparatus by which weld beads 
having a good weld outer appearance with little 
faults such as blow holes and a small splash such 
as sputters and the like with a sufficient shearing 
force may be obtained by semi-penetration in an 

45 overlap spot and an overlap continuous weld (lap 
seam weld) for plated steel plates. 

SUMMARY OF THE INVENTION 

so According to the present invention, there is 

provided a pulse laser irradiation apparatus for 
irradiating a pulse laser beam onto coated metal 
materials, comprising: a pulse laser generator hav- 
ing a laser medium and a power source fore exiting 

55 the pulse laser from outside; and a generation 
control section for controlling the pulse laser gener- 
ator. The generation control section generates two 
rectangular waves in a pulse wave form at every 



EP 0 564 995 A1 



cycle of the pulse laser beam generated by the 
pulse laser generator and controls are 1a between 
a peak power Pi and a pulse width ti of a first 
rectangular wave and a peak power P 2 and a pulse 
width t2 of a second rectangular wave in predeter- 
mined ranges. 

Incidentally, the laser medium includes yttrium 
aluminum garnet doped with neodymium 
(Nd:YAG), ruby, glass or the like for a solid laser. 
Also, the laser medium includes CO2 for a gas 
laser. 

The power source may be flash lamps, semi- 
conductor laser and the like for the Nd:YAG laser, 
ruby laser, color laser, glass laser and the like. 

For the generation control section, the electric 
power of the power source is varied to control the 
peak powers, or otherwise a semiconductor switch 
of the power source or the like may be used to 
control the supply period to thereby control the 
widths of the pulses. 

According to the invention, since the genera- 
tion control section generates two rectangular 
waves in a pulse wave form at every cycle of the 
pulse laser beam generated by the pulse laser 
generator and controls a relationship between a 
peak power Pi(kW) and a pulse width ti- 
(msecrmillisecond) of a first rectangular wave and a 
peak power P 2 (kW) and a pulse width k- 
(msec:millisecond) of a second rectangular wave in 
predetermined ranges, when the generated laser 
beam is irradiated onto the coated metal plate, the 
plating metal vaopor or crushed organic vapor may 
be effectively removed away from the weld beads 
to obtain the weld beads having a good outer 
appearance and the sufficient shearing force with 
little weld defects. 

The predetermined ranges in the generation 
control section are as follows: 

0 < tl/(tl + t2) < 1, 

P1/P2 > 1, and 

ti/(ti + 0.6 • (Pi/P 2 )-0.2. 

When the pulse laser in these ranges is ap- 
plied to the steel plates, the above-described effect 
is ensured. 

More preferably, the predetermined ranges are 
as follows: 

0 < ti/(ti + ta) < 1, 
P1/P2 > 1. and 

ti/(ti + t2) < 0.6 • (P1/P2) - 0.2. 

More preferably, the predetermined ranges are 
as follows: 

0.3 S ti/(ti + 0.5. and 
1.5* P1/P2 £ 2.0 



More preferably, the predetermined ranges are 
as follows: 

5 0.3 < ti/(ti + t 2 ) < 0.5, and 
1 .5 < P, IP 2 < 2.0 

When the pulse laser in these ranges is ap- 
plied to the coated metal plates, the above-de- 
10 scribed effect is further ensured. In this case, the 
continuous wave form (CW) may be overlapped 
with the foregoing wave form. 

Furthermore, under the control of the genera- 
tion control section, the interval t jn t between the two 
15 rectangular waves is set 10 msec or less, to there- 
by insure the effect. 

Furthermore, under the control of the genera- 
tion control section, the interval t jnt between the two 
rectangular waves is set 2 msec or less, to thereby 
20 insure the effect. 

The generation control section controls the 
pulse laser generator so that, when a plurality of 
coated metal plates overlapped one on another are 
welded together, a pulse energy of the pulse laser 
25 beam is set at a strength such that a part of the 
second coated metal plate is welded through the 
second coated metal plate. Thus, the pulse laser 
beam may be irradiated with the semi-penetration 
strength. 

30 An angle 0 defined between a center line of the 

pulse laser beam and a line normal to a surface of 
the coated metal plate is in the range of 0 to 60 0 
to thereby ensure the effect. 

An angle 0 defined between a centerline of the 

35 pulse laser bed and a line normal to a surface of 
the coated metal plate is in the range of 10 to 40* 
to thereby further ensure the effect. 

As described above, according to the present 
invention, the pulse laser irradiation wave form is or 

40 the two-stage rectangular wave type, thereby effec- 
tively removing the metal or organic vapor away 
from the weld beads to obtain the weld beads 
having a good outer appearance with almost no 
weld defects and with sufficient weld strength. Also. 

45 It is possible to reduce a burden for maintenance 
without damaging an optical system. 

The usage for which pulse laser irradiation 
apparatus or method according to the present in- 
vention is the most suitable, is laser welding ap- 

50 paratus or method for coated metal material. How- 
ever, it is possible to use as processing apparatus 
or method such as opening the hole for coated 
metal material such as plated steel. 

According to the invention, coated metal ma- 

55 terial means material like members which including 
steel, aluminium titanium alloy or copper alloy and 
the like, coated (including plated) by organic or 
inorganic materials. 
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The sape of the coated metal material is suit- 
able to platy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
Fig. 1 is a view showing a structure according to 
the invention; 

Fig. 2 is a structual view showing a laser irradia- 
tion unit; 

Fig. 3 is a graph showing a two-stage wave 
form; 

Fig. 4 is a graph showing a view showing a 

shearing force in matrix tests; 

Fig. 5 is a graph showing a relationship between 

a at & of 0.4 and the shearing force; 

Fig. 6 is a view showing ranges of totally good 

irradiating levels for a and £; 

Fig. 7 is a view showing a two-stage rectangular 

waveform; 

Fig. 8 is a graph showing a relationship between 

the pulse interval between first and second wave 

forms and the shearing force; 

Fig. 9 is a picture showing a weld bead in 

accordance with Example 1 ; 

Fig. 10 is a picture showing a weld bead in 

accordance with Comparative Example 1 ; 

Fig. 11 is a picture showing a weld bead in 

accordance with Comparative Example 2; 

Fig. 12 is a picture showing a weld bead in 

accordance with Comparative Example 3; 

Fig. 13(a) and (b) are views showing examples 

of a melt-weld for two plates; 

Fig. 14(a) and (b) are views showing examples 

of a melt- we Id for three plates; 

Fig. 15(a) and (b) are views showing examples 

of a melt-weld for four plates; 

Fig. 16 is a graph showing a one-pulse energy 

needed for obtaining a desired penetration 

depth; 

Fig. 17 is a graph showing rectangular wave 
forms; 

Fig. 18 is a graph showing integrated wave 
forms; and 

Fig. 19 is a graph showing hybrid wave forms 
overlapped with a CW laser. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS — 

The present invention will now be described by 
way of example in accordance with embodiments 
with reference to the accompanying drawings. Fig. 
1 shows a schematic view showing primary compo- 
nents of a pulse laser irradiation apparatus in ac- 
cordance with one embodiment of the invention. 



[Example 1] 

As shown in Fig. 1, the pulse laser irradiation 
apparatus functions as a laser working machine 
5 and has the following structure. A pulse laser irra- 
diation unit 11 is composed of a laser head 11a 
and an Nd:YAG rod 12, a laser power supply 14 for 
supplying the laser head 11a with drive powers, a 
laser controller 11b for controlling the laser power 

w supply 14 and a cooling unit 15. 

The laser power supply 14 functions as a gen- 
eration controller section for the YAG laser 12 
which is a laser medium and, more specifically, 
controls a peak power by a voltage control of flash 

15 lamps 13 and an operation time by using semi- 
conductor switches. 

The Nd:YAG rod 12 receives the power supply 
from the flash lamps 13 to have an average output 
of 400W in a multimode and to generate laser 

20 beams with a wavelength of1.06 micrometers. A 
pulse repetition rate is 8pps and one-pulse energy 
is 50J. 

An optical fiber 21 is connected to the laser 
head 11a for transmitting the laser beams emitted 

25 from the laser head 11a to the focusing unit 22. 

The laser focusing unit 22 is mounted on a 6- 
axis multi-joint robot 17 which in turn may move 
the laser focusing unit 22 in three directions X, Y, 
and Z to take any desired coordinate position ( Xi , 

30 Yi,Zi). 

The six-axis multi-joint robot 17 is adapted to 
control the laser focusing unit 22 to move to the 
coordinate^ , Yi , Zi) on the basis of its own 
coordinate ( X2, Y 2 , Z 2 )a control positional informa- 

35 tion (Xi, Yi, Z1) outputted from the robot control 
unit 16 for setting the focusing unit 22 to a pre- 
determined position. 

The robot control unit 16 also outputs to the 
six-axis multi-articulation robot 17 a control posi- 

40 tional in format in for moving the focusing unit 22 
to a predetermined position and/or a predetermined 
direction. 

Fig. 2 shows a view showing a structure of the 
focusing unit 22. As shown in Fig. 2, a condenser 

45 lens 22a is provided within a body 22c with its tip 
end being tapered. The laser beam converged 
through the condenser lens 22a is irradiated from a 
laser irradiation port 22d. A focal length of the 
condenser lens 22a is 120 mm with its half-angle 

50 being 15m rad. The condenser lens 22a is of the 
just focus type. Argon gas or nitrogen gas is intro- 
duced into the focusing unit 22 at a rate of 10 
liters/minute. 

The above-described six-axis multi-joint 

55 robot17 is adapted to control the laser emission 
unit 22 to move to the coordinate (Xi , Yt, Z1) on 
the basis of its own coordinate {X2.Y2.Z2) and the 
control positional informational , Yi , Z1 ) outputted 
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from the robot control unit 16 for setting the focus- 
ing unit 22 to a predetermined position. 

With such an arrangement, the inclination con- 
trol of the focusing unit 22 in the X-direction by the 
six-axis multi-articulation robot 17 will set an angle 
e of a centerline C of the laser beam relative to a 
line H normal to the surface of the irradiating 
sample 1 to 20 * . The moving control of the laser 
emission unit 22 in the X-direction by the six-axis 
multi-articulation robot 17 causes the irradiating 
speed of the irradiating sample 1c to be set at 50 
cm/min. 

The weld sample 1c is a zinc plated steel plate 
(JIS G3302 SGSS SDN) with F08 (minimum ap- 
plication amount 60/60g/m 2 on both sides). The 
sample 1c is 100 mm long, 30 mm wide and 0.8 
mm thick. The sample 1c is made of three overlap 
layers with a gap of 0 mm between the adjacent 
layers. The weld bead length is 20 mm. 

As shown In Fig. 3, a two-stage rectangular 
wave form is used as a laser wave form of a pulse 
laser generated by a pulse YAG laser 12 under the 
control of the laser power supply 14 used as the 
above-described generation control section In Fig. 
3. Pi is a first stage peak power and ti is the pulse 
width thereof. P 2 is a second stage peak power 
and t2 is the pulse width thereof, f is the pulse 
repeat frequency. 

Accordingly, the first stage energy Ei is given 
as follows: 

Ei = Pi ♦ ti 

The second stage energy E 2 is given as fol- 
lows: 

E 2 = P 2 • b 

The average peak power P A v per one pulse is 
defined as follows: 

Pav = E tot /(ti + fe) = (Ei + £2)/^ + ta) 

where E tot is the energy of one pulse. 

In Example 1 of the present invention, the 
pulse energy was kept constant and the average 
peak power P AV was also kept constant in order to 
obtain the weld bead which was molten to pene- 
trate a first steel plate 2-1 and was partially intro- 
duced into a second steel plate 2-2. Under this 
condition, even if the other parameters would be 
changed, the depth of weld would not be so 
changed, in Example 1 , P AV was set at 5 kW. 

Furthermore, the following quantities are de- 
fined. Namely, 

a = P1/P2 

fi - t 2 /(ti + t 2 ) 



Regarding a and 0 as variables to form a matrix, 
the experiments were conducted in the range 
where the variable a was not greater than 3. The 

5 evaluation was made in accordance with the mea- 
sured values of the tension shearing loads in a 
tension test as well as the visual inspection of the 
bead appearance. 

As a result, the evaluation results were ob- 

70 tained from the tension strengths at respective 
points as shown in Fig.4. Sign o represents a 
tension strength which is not smaller than 250 kgf, 
A represents a tension strength which is not small- 
er than 150 kgf but not larger than 250 kgf, and x 

15 represents a tension strength which is less than 
150 kgf.Fig. 5 is a graph showing a change in 
tension shearing load when the variable a was 
changed while keeping 0 constant,0.4. 

To summarize the foregoing results, under the 

20 following conditions as shown in Fig. 6 in Fig. 6, 

1 < a <3, 
0 < 0 <1, 

0£ 0.6 a -0.2 (1) 

25 

it was found that, in the weld bead of the present 
invention, it was possible to greatly improve the 
property in weld strength and outer aesthetic ap- 
pearance in comparison with the conventional weld 
30 bead which was obtained by a simple one-stage 
rectangular pulse. 

Particularly, in the following ranges: 

1.5* a Z 2. 
36 0.3 £ £ £0.5 (2) 

an excellent aesthetic appearance without any weld 
defects as well as the largest shearing force was 
insured as shown in Fig. 9 (picture 1). 

40 As explained above, according to Example 1, 

the plating metallic vapor was effectively removed 
from the weld bead, and it was possible to obtain 
the weld bead which had an excellent aesthetic 
appearance without weld defects and a large shear- 

45 ing force. 

in Example 1, a gap between the steel plates 
was kept at zero mm under the experiments. How- 
ever, it is possible to obtain the weld bead with 
almost no weld defects and with a larger shearing 

50 force exceeding 400 kgf in the case where a gap is 
kept at 75 micrometers under the condition that the 
weld is carried out in the ranges specified in the 
above relationship (2). 

55 [Example 2] 

The laser source section (not shown) is adapt- 
ed to control the flash lamps 13 so that a pulse 



6 



11 EP 0 564 



interval ti nt between a first stage pulse wave form 
and a second stage pulse wave form in a typical 
two-stage wave form is changed in the range of 0 
to 10 msec. Fig. 7 shows a state where the pulse 
interval is set at zero, i.e.., a two-stage continuous 5 
rectangular wave form. 

If the pulse interval t in t is changed from zero to 
10msec, it will be understood that the larger the 
pulse interval tj nt between the first and second 
stage pulse wave forms of the two-stage rectangu- 10 
lar wave form, the smaller the shearing force will 
become as shown in Fig. 7. The outer appearance 
of the weld bead is close to that of a single wave 
form (see comparative Example 1). 

75 

[Comparative Example 1] 

The Comparative Example 1 shows a weld with 
a one-stage rectangular wave form pulse having 
the see output and peak energy as those of Exam- 20 
pie 1. In Comparative Example 1, as shown in Fig. 
10 (picture 2), raised portions and holes were 
formed in the weld bead surface, resulting in ap- 
pearance faults. In the holes, a splash of surface 
molten metal was produced due to the evaporation 25 
zinc vapor, resulting in lack of the weld metal. Fig. 
10 shows the raised portion A and the hole B. 
Below holes were formed in the interior of the weld 
metal in the raised portions A. 

As a result, a large amount of the sputter 30 
caused by the splash of the molten metal was 
formed, and the sputter was stuck onto the sample 
surface, resulting in appearance faults. A large 
blow hole where the zinc vapor was entrained into 
between the first steel plate 2-1 and the second 35 
steel plate 2-2 was formed in the interior of the 
molten metal. Where the blow hole was formed, 
there was almost no melt-bond between the steel 
plates. 

40 

[Comparative Example 2] 

In Comparative Example 2, a gap of 75 mi- 
crometers was provided between the first steel 
plate 2-1 and the second steel plate 2-2. The weld 45 
was carried out with a one-stage reactangular wave 
form. As a result, in the same manner as in Com- 
parative Example 1, as shown in Fig. 11 (picture 3), 
there were various defects such as weld appear- 
ance fault and formation of raised portions, blow 50 
holes and sputters. The Comparative Example 2 
just exhibited a very low level of the tension shear- 
ing force, resulting in weld defect. In Pig. 11 (picture 
3), the raised portions A were shown, and the 
blowholes were formed at the raised portions A in 55 
the interior of the molten metal. Also, the sputter 
would escape to the outside to damage the optical 
system of the laser emission section 



995 A1 12 



[Comparative Example 3] 

In Comparative Example 3, the pulse wave 
form was of the two-stage rectangular type but the 
variables or and 0 did not meet the ranges defined 
by the foregoing inequalities (1). For instance, Fig. 
12 (Picture 4) shows the outer appearance of the 
weld bead at a point where a is 1.2 and £ is 0.8. At 
this point, the outer appearance of the weld bead 
was degraded and the weld was poor, resulting 
from the splash of the sputter and the blow holes 
entrained in the weld material. This would lead to 
the shearing force reduction. 

In Fig. 12, the weld bead degradation C includ- 
ing the blow holes was formed and the sputter 
escaped to the outside. 

Also, an angle d defined between the centerline 
of the pulse laser and a line normal to the plated 
steel plate surface was set in the range of 0 to 
60°, so that a durability of the protective glass 
located just in front of the lens 22 was approxi- 
mately four times larger than that where the angle 
was outside the range. (Namely, the number of the 
weld beads measured until the transmittance laser 
output was reduced by 10% was reduced from 
about 200 to 400.) 

When the angle 6 would be excessively in- 
creased, the interference with the weld workpiece 
and work clamp jigs would become remarkable. In 
this case, it is possible to ensure the durability of 
the protective glass by suitably selecting the angle 
6 within 10 to 40° . 

Examples 1 and 2 and Comparative Examples 
1-3 have been explained above. According to Ex- 
amples 1 and 2, the irradiation wave form of the 
pulse laser is of the two-stage type and the irradia- 
tion parameters are set in a predetermined range 
so that the plating metallic vapor may be effec- 
tively removed away from the weld beads and the 
weld beads having good weld appearance and 
large shearing force with almost no weld defects 
may be obtained. Also, there is almost no damage 
to be imparted to the optical system. Thus, It is 
possible to reduce the load to be imposed for 
maintenance of the system. 

Claims 

1. A pulse laser irradiation apparatus for irradiat- 
ing a pulse laser beam onto coated metal 
materials, comprising: 

a pulse laser generator having a laser me- 
dium and a power supply for exciting said 
pulse laser from outside; and 

a generation control section for controlling 
the pulse laser generator; 

wherein said generation control section 
generates two rectangular waves in a pulse 



7 



13 



EP 0 564 995 A1 



14 



wave form at every cycle of the pulse laser 
beam generated by said pulse laser generator 
and controls a relationship between a peak 
power Pi(kW) and a pulse width t2(msec) of a 
first rectangular wave and a peak power P 2 - 5 
(kW) and a pulse width t2(msec) of a second 
rectangular wave in predetermined ranges. 

The apparatus according to claim 1, wherein 
said predetermined ranges in said generation w 
control section are as follows: 



(N) of coated metal plates overlapped one on 
another are welded together, a pulse energy of 
said pulse laser beam is set at a strength such 
that a part of an N-th coated metal plate is 
welded through an (N-l)-th coated metal plate. 

7. The apparatus according to claim 1 wherein an 
angle defined between a centerline of said 
pulse laser beam and a line normal to a sur- 
face of said plated steel plate is in the range of 
0 to 60 • . 



0 < ti/(ti + k) < 1, 
Pi /P2 > 1 . and 

ti/(ti + b)S0.6(Pi/P 2 )-0.2. 75 



(Definitions: Pi(kW): 

the peak power of the first rectanglar, 

P 2 (kW): 20 

the peak power of the second rectanglar, 

ti (msec): 

the pulse width of the first rectanglar, 
t2(msec): 

the pulse width of the second rectanglar.) 25 

The apparatus according to claim 1, wherein 
said predetermined ranges in said generation 
control section are as follows: 

30 

0.3 ^ ti/(ti + tz 0.5 
1.5 25 P1/P2 £ 2.0 



(Definitions: Pi(kW): 35 

the peak power of the first rectanglar. 

P 2 (kW): 

the peak power of the second rectanglar, 
U (msec): 

the pulse width of the first rectanglar, 40 
te(msec): 

the pulse width of the second rectanglar.) 

The apparatus according to claim 1, wherein 
said generation control section controls said 45 
pulse laser generator so that a time interval 
between said two rectangular waves is not 
longer than 10 msec. 

The apparatus according to claim 1, wherein 50 
said generation control section controls said 
pulse laser generator so that a time interval 
between said two rectangular waves is not 
longer than 2 msec. 

55 

The apparatus according to claim 1, wherein 
said generation control section controls said 
pulse laser generator so that, when a plurality 



8. The apparatus according to claim 1 wherein an 
angle defined between a centerline of said 
pulse laser beam and a line normal to a sur- 
face of said plated steel plate is in the range of 
10 to 40v 

9. A pulse laser irradiation method for irradiating 
a pulse laser beam onto coated metal materi- 
als including step of: 

generating two reactangular waves in a 
pulse wave form at every cycle of the pulse 
laser beam; and 

controlling a relationship between a peak 
power Pi (kW) and a pulse width ti (msec) of a 
first rectangular wave and a peak power P 2 - 
(kW) and a pulse width t^msec) of a second 
rectangular wave in ranges as follows: 

0 < ti/(ti + t 2 ) < 1. 
Pi /P 2 > 1 , and 

ti/(ti + t 2 ) £ 0.6 (P1/P2) - 0.2. 

10. The method according to claim 9, wherein said 
ranges are as follows: 

0.3 £ ti /(ti + h ) £ 0.5 

1.5 £ P1/P2 £ 2.0 



(Definitions: Pi (kW): 

the peak power of the first rectanglar, 

P 2 (kW): 

the peak power of the second rectanglar, 
ti (msec): 

the pulse wide of the first rectanglar, 
tefmsec): 

the pulse width of the second rectanglar.) 

11. The method according to claim 9, the interval- 
(tim) between said two rectangular waves is as 
follows: 

t| n , £ 10 msec. 
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